Carry-trade strategies which consist of buying forward high-yield currencies tend to yield positive excess returns when global financial markets are booming, whereas they generate losses during crises. Firstly, we show that the sovereign default risk, which is taken on by investing in high-yield currencies, may increase the magnitude of the gains during the boom periods and the losses during crises. We empirically test for this hypothesis on a sample of 18 emerging currencies over the period from June 2005 to September 2010, the default risk being proxied by the sovereign credit default swap spread. Relying on smooth transition regression (STR) models, we show that default risk contributes to the carry-trade gains during booms, and worsens the losses during busts. Secondly, we turn to the "Fama regression" linking the exchange-rate depreciation to the interest-rate differential. We propose a nonlinear estimation of this equation, explaining the puzzling evolution of its coefficient by the change in the market volatility along the financial cycle. Then, we introduce the default risk into this equation and show that the "forward bias", usually evidenced by a coefficient smaller than unity in this regression, is somewhat alleviated, as the default risk is significant to explain the exchange-rate change.
INTRODUCTION
The existence of excess returns on the exchange rate markets is one of the most famous puzzles in international economics. It is a breach in the uncovered interest parity (UIP), and as such referred to as the 'UIP puzzle'. It also contradicts the forward rate being the market rational expectation, justifying the denomination of "forward premium puzzle". Indeed, stylized facts have long shown that interest differentials do not compensate for currency changes observed in the next period. This puzzle has been widely documented in the economic literature (for a survey, see Engel, 1995; Obsteld and Rogoff, 2000) and still gives rise to extensive research (Chaboud and Wright, 2005; Sarno, 2005; Chinn, 2006; Clarida et al., 2009 ). This is a logical consequence of the findings by Meese and Rogoff (1983) that exchange rates follow a random walk. If exchange rates are expected to stay at their current values, then it is rewarding to invest in high-yield currencies by borrowing low-yield currencies, as one can expect to earn the interest-rate differential without losing on the exchange rate. For the same reason, it is often profitable to buy forward a currency with a forward discount. Empirical evidence shows that currencies with high interest rates generally do not depreciate as much as the UIP would imply. On the contrary, they often appreciate slowly. Conversely, currencies with low interest rates do not appreciate as much as they should do if the UIP held; instead, they even tend to depreciate. This "forward bias" has been evidenced by numerous studies on various samples of currencies and periods since Froot and Thaler (1990) (Lustig and Verdelhan, 2007; Burnside et al., 2008) . Only Chinn (2006) has shown that the UIP could be restored at least for some currencies when considering long-run horizon of 5 years.
Carry trades-which consist in taking long unhedged positions on high-yield currencies and short positions on low-interest rate currencies-have become an important activity on the exchange markets (Fan and Lyons, 2003; Gagnon and Chaboud, 2007; Galati et al., 2007) .
These risky strategies are especially popular in periods of "booms" in global financial markets, when investors' risk appetite is high and volatility is low; in these times, the built-up of carry-trade positions helps to strengthen the high-yield currencies. (Brunnermeir et al., 2008; Clarida et al., 2009 ). The situation is reversed during "bust" periods, as carry-trades are abruptly unwound under adverse financial market conditions (Kohler, 2010; Coudert et al., 2011) . As risk aversion increases during crises, investors sell the high-yield currencies, which sharply depreciate and turn to the low-interest currencies, seen as safe-havens, which appreciate consequently (Ranaldo and Söderlind, 2007; McCauley and McGuire, 2009 ). In the long run, despite the severe losses occurred during the reversals, carry trades are found profitable.
The existence of these excess returns has been explained by different theories, going from market frictions, namely transaction costs (Huisman et al., 1998) to a "career risk hypothesis" (Liu and Sercu, 2009) in which the traders on the forex market are incited to shun any cash loss from going against the flow. Indeed, as soon as investors are risk-averse, the expected returns in different currencies have no reasons to equalize. The UIP does not hold, as investors require a risk premium to hold the most risky currencies. This idea was already present in the portfolio models of the seventies (Frankel, 1973) , in which the risk premia depended on the investors' positions. It is now apprehended through stochastic discount factors (SDF) in the framework of asset pricing-based models (Cochrane, 2001) , which have been used to address the "equity premium puzzle" as well Prescott, 1985, 2003) .
For example, Verdelhan (2010) uses a habit-based preferences model linking the excess returns on the forex market to the domestic consumption growth shocks under assumptions regarding the pro-cyclicality of real interest rates and time-varying risk aversion.
Another possible explanation for the puzzle goes through the "peso problem": the exchange rate risk premia would compensate agents for extremely negative returns, that they are exposed to with very low probabilities. Indeed, carry trades can be hedged against a sharp depreciation of their investment currency by buying a put option (or against the appreciation of the funding currency by a call). Holding a portfolio containing a carry trade and an option allows investors to hedge against negative events, while profiting from excess returns in the other states of nature. Using at-the-money option prices, Burnside et al. (2008) show that this portfolio also yields excess returns, not very different from those of the unhedged carry trades. This result is quite challenging, and the authors interpret it as a sign of a peso problem, coming from high SDF in the extremely unfavourable states of nature.
Here, we suggest a different interpretation of the forward premium puzzle based on the default risk. Indeed, an asset in a high-yield currency generally includes two types of risk: an exchange-rate risk and a default risk. Whereas the exchange-rate risk has been extensively studied, the default risk is generally neglected in the literature on carry trades. However, the recent global crisis has shown that this risk is not negligible as banks may collapse. A sovereign default can also spark a default of the whole banking system of the country and lead to the impossibility for investors to recover the totality of their funds. Our aim in this paper is thus to shed light on the default risk that investors implicitly take on when implementing carry trades. To this end, we focus on emerging countries as they are the most likely to present a significant default risk.
In this framework, after showing that the exchange-rate premium is positively linked to the default risk, we aim at investigating the hypothesis that the default risk of a country's banks tends to increase excess returns on its currency in boom periods, while it worsens the carry trade losses during busts. We test for this hypothesis empirically on a sample of daily data for the gains of carry trade invested in 18 emerging currencies and funded in USD from June 2005 to September 2010. To avoid arbitrary dating boom and bust periods, we rely on a smooth-transition regression (STR) models which account for nonlinearities across the financial cycle by using the VIX as a transition variable. We show that default risk contributes to increase the carry-trade gains during low-volatility periods, whereas it deepens the losses, once volatility has exceeded a certain threshold.
To verify that the above results do not come from a correlation between interest rate and default risk, we rely on the "Fama regression" linking the exchange-rate depreciation to the interest-rate differential. In this context, one contribution of the paper is to provide a nonlinear estimation of the Fama regression along the financial cycle, using a STR model with the VIX as a transition variable. Another contribution is to introduce the default risk in it. The "forward bias", usually evidenced by a coefficient smaller than unity in this regression, is somewhat alleviated, as the default risk is significant to explain the exchange-rate change.
The rest of the paper is organized as follows. Section 2 shows that the exchange-rate premium increases with the default risk. Section 3 presents the data and some descriptive statistics about the gains of carry-trades invested in emerging currencies. Section 4 gives econometric estimations of the relationship between the carry-trade gains and the default risk. Section 5 provides nonlinear estimations of the Fama regression according to the volatility in financial markets and proposes an "augmented Fama regression" by introducing the default risk into the equation. Section 6 is devoted to some robustness checks regarding our results, and Section 7 concludes the paper.
INTERPRETING THE FORWARD BIAS

The exchange-risk premium
Let us take the point of view of a risk-averse US resident investing in a foreign currency from t to t+1 while funding in USD. There are no restrictions in capital movements between the two countries, no risk of default in both countries. Her foreign currency investment gives the following ex post excess return in USD, denoted 1 + t r and expressed as follows: As the covered interest rate parity holds, the exchange-rate premium is equivalent to the expected return of buying the foreign currency forward and selling it in the next period on the spot market. In other words, the exchange-rate premium is equal to the gap between the forward rate F t and the expected spot rate for the next period:
As all risk premiums, in the framework of an asset pricing model (see Cochrane, 2001 ), the exchange-rate premium can be written as: 
Consequently, currencies which yield positive returns when global markets are bullish and depreciate during bear markets, should offer positive risk premiums to compensate investors for their risks. These positive correlations with market returns characterize most emerging countries' currencies, as this will be illustrated in Section 3. Conversely, currencies which are able to offer returns negatively correlated to market returns have negative risk premia. These latter currencies can be viewed as safe havens, as they tend to appreciate in the unfavourable states of nature (such as the Japanese yen or the Swiss franc for example).
Introducing default risk
We now consider a one-period investment in the foreign country when a default is possible.
The default will occur during this period with a given probability p, 0< p <1. In this case, the ex post return of this investment is: where µ is the recovery rate, 0<µ<1.
The total risk premium on this investment, denoted 
where I t is the indicator function of default (equal to 1 in case of default, 0 otherwise).
Replacing the exchange-rate premium (1+ S t ρ ) by its value as in Equation (2), we can re-write Equation (6) as the following:
Let us remark that the quantity ) 1 ( µ − p stands for the expected loss on the investment due to default, at constant exchange rates, which can be thought of as the default risk premium, which we denote d:
The covariance term can be expressed as: 
Equation (9) shows that the exchange risk premium is a positive function of the default risk It even stays smaller than 1 under unrealistically pessimistic assumptions. For instance if p=30%, the depreciation in case of default at 80% (above the unconditional depreciation) and µ =30%, the covariance term (0.84) is still smaller than 1.
Risk-neutral framework
To better clarify the link between the exchange-rate premium and the default risk, let us consider a risk-neutral approach. In this framework, the total risk premium T t ρ on the foreign investment is null. As investors disregard the risk, there are no expected excess returns.
Therefore, Equation (6) would be expressed as:
is the expected value of X t+1 under the risk-neutral distribution.
In the risk-neutral approach, the foreign exchange premium still exists, but only to compensate risk-neutral investors for the expected loss due to a possible default:
stands for the risk-neutral exchange-rate premium. In this framework, the exchange-rate premium only stems from the possibility of default.
DATA AND DESCRIPTIVE STATISTICS
Data to calculate excess returns
We consider the realised gains in investing in emerging currencies, while funding in USD.
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The sample is made of the currencies of the main emerging countries for which there is (i) capital mobility, hence the possibility of carry trades, which excludes countries like China for example, and (ii) an active sovereign CDS market, hence daily data for their premia. It Some currencies in the sample are traded on small foreign exchange markets, a characteristic that may question the relevance of carry trades in these countries. However, these currencies may still be attractive destinations for carry trades, due to high interest rate differentials. For example, Hoffmann (2011) showed that carry trades were lucrative in Romania before the recent world crisis, due to both high interest rates and stable exchange-rate volatility.
For all these currencies, we consider the one-year change in their exchange rate versus dollar (in logarithms), and the one-year interest rate taken in difference with the one-year interest rate in the US, all series being extracted from Bloomberg. The choice of a one-year horizon is justified in Section 3.2 below.
Gauging the situation on financial markets and the default risk premium
To gauge the situation on the global financial markets, we use the VIX, extracted from
Bloomberg. This indicator measures the implied volatility of the S&P500 index options for the next 30 days, calculated by the Chicago Board Options Exchange (CBOE). Strong volatility spillovers in stock markets all around the world make the situation on the S&P500
representative of the global financial markets. More specifically, the VIX is an indicator for the investors' attitude towards risk not only on equity markets, but also on credit markets (Collin-Dufresne et al., 2001) , and more generally a good gauge for risk aversion (Coudert and Gex, 2008) . As highlighted by Brunnermeier et al. (2009) , it is also linked to various other markets, such as the changes in the risk premia in sovereign CDS 6 , and many of the financial crises all around the world were accompanied by strong increases in the VIX. This variable is thus a good proxy for identifying booms and busts on global financial markets (see Becker et al., 2009) . Low volatility on the stock market matches boom periods, whereas high volatility typically goes with crises.
Concerning the default risk on an investment in a given currency, we proxy it by the sovereign credit default swap (CDS) premium of the country. The sovereign default is able to represent the default of the country's banks, as both credit events are highly correlated because of the close financial interactions between the two types of agents. As the CDS is aimed at hedging the default risk, its premium is a good proxy for the default risk premium; it is roughly equal to the expected loss due to default d= ) 1
We extract the one-year sovereign CDS premia from Datastream. We choose a one-year horizon which is the smallest maturity for the CDS data. Of course, to compare this default risk to the exchange-rate risk, we have to consider the same one-year maturity for interest rates and exchange-rate changes.
Periods
The sample spans from June 2005 to September 2010 on a daily periodicity. This period includes three different phases of the financial cycle:
See also Acharya et al. (2011) who show that financial sector bailouts and sovereign credit risk are closely linked.
7
This decomposition of periods may seem somewhat arbitrary. Note that it will only be used to present descriptive statistics and linear regressions on the carry-trade gains in the following sections. Both the stylized facts and the linear regressions only aim at giving an insight of the reversals occurring along the financial cycle. Our main results will not depend on this time decomposition, as they will be obtained through nonlinear estimations over the whole period.
• a pre-crisis period of booming financial markets. We date this period from the • a recovery period. We date the recovery from 1rst October 2009, as attested by capital flowing back to emerging countries. At that time, Brazil implemented a new tax on capital inflows to counter the appreciation in its exchange rate; most other emerging currencies also appreciated strongly. This date is consistent with the evolution of the VIX that went back to its pre-crisis level precisely at that time.
Descriptive statistics on carry-trade gains
We now take a look at the returns of the carry trades invested in the different currencies of the sample and funded in USD. As no default occurred over the sample period, we calculate the carry-trade gains by using Equation (1). Returns sharply rallied for all currencies, reaching 11.8% in the year following the crisis, due to both very positive interest-rate differentials (5.1% on average) and currency appreciation (6.6% on average). The relevance of the carry-trade strategies can also be observed through the Sharpe ratios, that compare the excess returns to their volatility (Jordà and Taylor, 2009 ). As shown in Figure 2 , Sharpe ratios are positive over the whole period as well as during the pre-crisis and recovery periods, whereas negative during the crisis. Latin American currencies were very attractive during the pre-crisis period considering these ratios; the Brazilian real is still one of most rewarding currency along with the Thailand's bath on this criterion. Strikingly, the Sharpe ratios are even higher during the recovery period than they were before the crisis for 10 countries in 11 in Latin America and Asia. Sharpe ratios are boosted by the sharp appreciation of these currencies in the immediate aftermath of the crisis, which more than cancelled the adverse effect of a higher volatility. Only for Central and Eastern European markets Sharpe ratios tend to be lower on the last period, due to persistent depreciation of their currencies and important volatility. 
ESTIMATING THE RELATIONSHIP BETWEEN CARRY-TRADE GAINS AND DEFAULT RISK
The stylized facts highlighted above, as well as the theoretical relationship in Equation (9), suggest a positive correlation between the carry-trade gains invested in emerging currencies and global market returns. Indeed, ex post carry-trade gains tend to be positive on average and to co-move with market returns, as evidenced by former studies (Clarida et al., 2009 ). This implies a positive exchange-risk premium for these currencies as stated by Equation (4). Now, we want to test empirically for the hypothesis that the exchange-rate premium increases with the default risk, as established in Equation (9), i.e. that the correlation of realized carry-trade gains with market returns increases with default risk. To check for this hypothesis, we aim at empirically verifying the two following propositions:
(P1) "The carry-trade gains observed during periods of booming financial markets are higher when invested in countries with higher default risk".
(P2) "Conversely, the losses on carry trades during crises are deeper for high default risk currencies".
Hence the excess returns of carry trades depend on default risk in a nonlinear way. The relation between both variables is positive as far as financial markets are booming, i.e. that volatility is low, and turns negative when volatility increases above a certain threshold.
Linear estimations across periods
We first assess the link between the ex post returns on carry trades and the default risk, proxied by the sovereign CDS premia, by estimating the following regression:
where
is the ex post excess return in the one-year carry trade invested at time t in currency i (i = 1, …, 18), it d is country i's default risk proxied by its sovereign CDS premium.
The estimations are run successively for the 18 currencies in the sample and over the three sub-periods under study: pre-crisis period, crisis, and recovery (see Section 3.3). As carrytrade gains are measured over one year but are observed at a daily frequency, this overlapping structure introduces a moving average component in the errors (Hansen and Hodrick, 1980) .
Various methods exist for dealing with the overlapping observations' issue (see Harri and Wade Brorsen, 2009 ), among which: (i) reducing the sample to obtain no overlapping data,
(ii) averaging the data, (iii) using heteroskedasticity and autocovariance consistent estimators, such as Hansen and Hodrick (1980) or Newey and West (1987) , (iv) using a bootstrap method. The first two methods are generally not recommended since they are inefficient, strongly reduce the number of degrees of freedom and do not eliminate the moving average component in the errors. The Newey-West's covariance estimate performs quite well on large sample, although it can be biased downward in small samples (Nelson and Kim, 1993) . The parametric bootstrap used by Mark (1995) among others has the drawback of being based on the inefficient OLS estimator. Hence, given the large size of our sample (more than 1300 observations), we rely on the Newey and West (1987)'s autocorrelation and heteroskedasticity consistent covariance estimator (Mark, 2001; Britten-Jones et al., 2011) .
To establish proposition (P1), we have to find the coefficients i λ significantly positive when estimated over the booming market period. Conversely for proposition (P2) to hold, we should find the i λ significantly negative over the crisis.
The results obtained by running regression (12) on each of the 18 currencies lend support to the two propositions. As expected, all coefficients i λ are significantly positive in the first period (except only for 2 currencies) and also for the recovery period (Table A .1 in the Appendix). Conversely, all coefficients i λ are significantly negative when estimated over the crisis episode. Consequently, the default risk contributes to amplify the carry-trade gains in the boom period and to worsen the losses during the crisis. This situation prevails even if there was no sovereign default observed over the sample. The carry-trade losses only occurred through the sharp currency depreciation observed during the crises.
Nonlinearities depending on the volatility on financial markets
As the relation between carry-trade gains and default risk is reversed during crises, it is interesting to study how it evolves along the financial cycle. 
The LSTR specification accounts for asymmetric realizations, in the sense that the two regimes are associated with small and large values of the transition variable relative to the threshold value. On the other hand, in the ESTR model, increases and reductions in the transition variable have similar effects, but the middle grounds are characterized by different dynamics. In both cases-LSTR and ESTR-when γ i goes to zero, the STR process reduces to a linear model. When γ i tends to infinity, the LSTR model becomes a two-regime threshold model with abrupt transition (Tong, 1990) . To specify the STR model, we follow the methodology proposed by Teräsvirta (1994) . We first test for linearity and, if the null hypothesis is rejected, choose between the LSTR and ESTR specifications using the sequential strategy developed by Teräsvirta (1994) . Once this choice has been made, we estimate the STR model and apply various misspecification tests: test of no residual autocorrelation (Teräsvirta, 1998) , LM-test of no remaining nonlinearity (Eitrheim and Teräsvirta, 1996) , and ARCH-LM test (Engle, 1982) .
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The nonlinear form of the relationship is confirmed as the null hypothesis of linearity is rejected, for all our 18 currencies. Hence, the response of the carry-trade gains to the CDS spread does differ according to the level of financial volatility. Moreover, the LSTR specification is retained for all the currencies. This means that there are two regimes involved.
The first one prevails when the volatility is low on financial markets, the VIX being under the estimated threshold c i. The relationship between carry-trade gains and default risk then only involves the linear parameter λ 0i , as the second term in the right-hand side of Equation (13) is close to 0 (g being close to 0). The second, high-volatility regime occurs when the VIX exceeds the threshold, the relationship then also includes the second term of Equation (13) and coefficient λ 1i is involved (as well as the sum of λ 0i and λ 1i ). Table 2 confirm our former hypothesis.
Several features evidenced by the results reported in
First, when financial volatility is low, the relationship between carry-trade gains and default risk is significantly positive in most cases. This is evidenced by λ 0i >0 for 13 currencies out of 18. Second, when financial markets get more volatile, the relationship turns negative (for 14 cases in 18), and the default risk then contributes to deepen the losses. Third, the level of the VIX that determines the two regimes varies across countries. As an example, it is around 23% 8
To save space, results of both linearity and misspecification tests are not reported here but are available upon request to the authors.
for most Latin America countries, meaning that the relation between carry-trade gains and CDS premia starts to be reversed when the VIX crosses the value of 23%. This figure roughly fits our definition of periods given in Section 3, as the crisis is identified when the VIX suddenly jumps above its former level of 25% and ends when it gets back to this value.
During the 2008-2009 crisis, as the VIX has suddenly jumped from a value of 25% to nearly 80% in a few days, the transition between the two regimes has been very brutal. Note: This table reports the results from the estimation of Equation (13) [ ]
, where r it+1 is the ex post excess return in the one-year carry trade, d it the sovereign CDS premium, v t the VIX (transition variable), g the transition function, γ, the slope parameter that determines the smoothness of the transition and c i the threshold parameter. t statistics are given in parentheses.
REVISITING THE FAMA REGRESSION
As interest rates are highly correlated with default risk, we have to verify whether our results persist if the regression also includes the interest-rate differential. To do so, we first run the "Fama regression" (Fama, 1984) , which links the exchange-rate change to the interest differential, and then introduce the default risk in it.
The standard Fama regression
The forward bias is generally evidenced by estimating a regression between the realized exchange-rate change and the interest-rate differential (Chaboud and Wright, 2005; Chinn, 2006; Clarida et al., 2009) . The regression between the two variables is referred to as the "Fama regression" and expressed as followed: 1 1 ) ( If the UIP held, the estimation of Equation (16) 
Estimating the Fama regression with nonlinearities
The previous findings clearly highlight a reversal in the relationship between the exchangerate change and the interest-rate differential across periods, as the coefficients β i are suddenly shifted upwards during the crises. This leads us to test for nonlinearities in the Fama regression, by using a STR specification. The exchange-rate change now depends nonlinearly on the interest differential, their relationship fluctuating according to the evolution of market volatility. More specifically, the STR model is given by:
[ ]
As the null hypothesis of linearity is rejected in favour of the LSTR specification, the exchange rate responds differently to the interest differential according to market volatility.
More specifically, as for the estimation of Equation (13), there are two regimes involved: the first one prevails when the volatility is low on financial markets, and the second one intervenes under high volatility conditions-the VIX exceeding a certain threshold.
Several findings stand out from the results (Table 3) . First, the coefficient β 0i of the interestrate differential is lower than one for the majority of countries, and even negative for 10 countries in the low-volatility regime. This illustrates the forward bias under low-volatility environment, as high-yield currencies tend to appreciate. Second, the coefficient sharply rises with financial market volatility, i.e. when the VIX exceeds a certain threshold c; this is evidenced by β 1i being positive and greater than 1 in the high-volatility regime for all currencies (except for the Russian rouble). In other words, the forward bias disappears in high-volatility periods. Third, the threshold value of the VIX that triggers the nonlinear regime is above 25% for all currencies, matching the previous conclusions. [ ]
, β 0i and β 1i denote the interest-rate differential coefficients in the linear and nonlinear regimes, respectively. γ i is the slope parameter and c i is the threshold value of the VIX (in %). t statistics are given in parentheses.
The Fama regression augmented with default risk
To verify the hypothesis that the default risk explains the forward bias at least partly, we now introduce the default risk proxy into the Fama regression. This "augmented Fama regression"
is written as follows:
Note that the term captured in the Fama regression if the coefficient β i was unity,
, is the opposite of the ex post excess return in the carry trade. To be consistent with propositions (P1) and (P2) stated above, we therefore expect to find λ i negative during boom periods, and positive during the crisis.
To comfort our hypothesis, we would also require that the bias found in the coefficient β i estimated in the former section is reduced. We therefore expect the β i ' estimated during the low volatility periods to be greater than the corresponding coefficient β i estimated over the same period in Equation (16), that does not take into account the default risk.
The estimation results meet our expectations, lending support to our hypothesis. Results for the three considered sub-periods are reported in the appendix (Table A. 3). Firstly, the coefficient on the default risk λ i is negative as expected in the pre-crisis period for most currencies (15 in 18). This means that default risk reduces the depreciation in the currency during the booming market period, contributing to the forward bias. Secondly, the coefficient turns positive during the crisis for 16 currencies out of 18, as the default risk accentuates the depreciation of the currency during the turmoil. Thirdly, the coefficient λ i remains positive for 11 in 18 countries in the recovery period. This can be interpreted by a more cautious behaviour of investors in the immediate aftermath of the crisis, as they discriminate more their assets according to the default risk. Fourthly, the coefficient on the interest-rate differential β i ' is found higher than its counterpart in Equation (16) for the majority of countries (12 out of 18) in the boom period, as expected.
Nonlinearities in the "augmented" Fama regression
Our "augmented Fama regression" including the default risk (Equation (18)) is also likely to exhibit strong nonlinearities for two reasons: (i) the coefficient β varies across periods, on the same grounds as in the Fama regression, and (ii) default risk tends to boost carry-trade gains when markets are booming, and to worsen the losses in financial turmoil as shown in Section 4.2; therefore the coefficient λ also fluctuates according to the volatility on financial markets.
To check that, we estimate the following STR model, where the transition from one state to the other is governed by the level of the VIX:
Results of the tests confirm both the existence of nonlinearities and the logistic form of the transition function g. Estimations reported in Table 4 give support to our hypothesis about the role of the default risk in the forward bias. First, when volatility is low, the default risk is associated with less exchange-rate depreciation in the majority of cases (as λ0i is significantly negative for 9 currencies in 17). Second, when market volatility rises above a given threshold, the depreciation in the exchange rate is accentuated by the default risk (as λ1i is significantly positive in 11 cases out of 17). 
, β 0i and β 1i denote the interest-rate differential coefficients in the linear and nonlinear regimes, λ 0i and λ 1i the CDS premia coefficients in the linear and nonlinear regimes, respectively. γ i is the slope parameter and c i is the threshold value of the VIX (in %). The model does not converge for Argentina. t statistics are given in parentheses.
ROBUSTNESS CHECKS
Choice of the funding currency
The former results concern carry trades funded by USD. However carry-trade can be funded by any low interest rate currencies or a basket of them. The Japanese yen (JPY) and the Swiss Franc (CHF) have been particularly popular to fund carry trades in the last decade, because of their very low interest rates. To investigate the robustness of our results to the choice of the funding currency, we replicate all our empirical analysis using the Japanese yen and the Swiss franc as alternative funding currencies. Results corresponding to the estimation of Equation (12) are reported in Table A .4 in the Appendix. Comparing results in Table A .4 with those in Table A .1 clearly show that our findings are robust to the choice of the funding currency: for the three considered funding currencies, coefficients switch from positive (except for only two countries) to negative values from the first to the second period, and become again positive in the last, recovery period. All the other results obtained using the Japanese yen and the Swiss franc as funding currencies are also very similar to those obtained with the US dollar. 10
Estimations by panels of countries
To further check our findings and provide more synthetic results, we also run all the estimations using panel data. To this end, we classify our countries into four groups: the complete panel includes all the 18 currencies in the sample, whereas the others group together the countries belonging to the same geographic areas (Latin America, Asia, and emerging Europe). All the results obtained using panel data confirm those issued from the country-bycountry analysis. We report some of them below as an illustration.
To estimate nonlinear equations on a panel basis, we use the panel smooth transition regression (PSTR) model introduced by González et al. (2005) , which involves three steps. In the first, specification step, we test for homogeneity against the PSTR alternative, using the LM-test statistic provided by González et al. (2005) . In the second, estimation step, nonlinear least squares are used to obtain the parameter estimates, once the data have been demeaned.
Finally, in the evaluation step, we apply misspecification tests in order to check the validity of the estimated PSTR model.
Results obtained for Equation (13) through the PSTR model (Table 5 ) comfort our previous findings. First, when volatility is low, the default risk contributes to swell the carry-trade 10 To avoid too many tables, we do not report the complete results, but they are available upon request to the authors.
gains. This is attested by the significantly coefficient λ 0i , for the whole sample, as well as for Latin America and emerging Europe, Asia being an exception. Second, when the volatility overcomes a certain threshold, the coefficient sign changes, and the default risk contributes to deepen the losses. This is shown by the negative value of coefficient λ 1i , with a higher absolute value than λ 0i for all panels. Third, the level of the VIX which determines the transition between the two regimes is estimated around 23% for all the panels, which, as previously mentioned, roughly fits our definition of periods given in Section 3. Note: see Table 2 .
Nonlinearities in the Fama regression are also confirmed in the panel framework (Table 6 ).
The coefficient on the interest-rate differential is lower than 1-and even negative for two groups of countries-in the low-volatility regime, while it is always greater than unity when the VIX exceeds its threshold. Finally, estimating our "augmented" Fama regression (Table 7) on a panel-basis gives very similar results to those obtained on an individual currency basis.. First, the coefficient on the risk default proxy λ i is negative before the crisis as expected for all the considered areas.
Second, its value increases during the crisis for all panels, being close to zero for the whole sample and reaching the positive territories for Asia and emerging Europe. Third, the recovery period appears different than the former booming market period, as the coefficient λ i is positive for the whole sample, as well as for Latin America and emerging Europe. On the whole, the default risk tends to mitigate high-yield currency depreciation in booming markets, this effect being reversed during crises and in their immediate aftermath. Fourth, the coefficient on the interest-rate differential β i ' in the pre-crisis period is higher than the same coefficient estimated in Equation (16) for all the considered panels. Moreover, the coefficients β i ' are now positive for the pre-crisis period for two areas: Asia and emerging Europe, whereas they were negative for all panels in the standard Fama regression. Consequently, the bias on this coefficient estimated over the pre-crisis period is mitigated by taking into account the default risk. 
CONCLUSION
The positive excess returns on carry trades invested in high-yield currencies has long constituted a famous puzzle for economists and paved the way for an extensive literature.
Here, we state the hypothesis that carry-trade gains observed in booming market periods can be interpreted as a risk premium stemming both from exchange-rate change and default risk.
If this hypothesis holds, two propositions should follow: (i) currencies issued by a country with a high default risk should yield higher excess returns in boom periods; (ii) conversely, these currencies should depreciate more severely during crises-the riskier the country in terms of default, the sharper the reversal of carry-trade gains during crises.
We have verified these propositions empirically on a sample of 18 emerging currencies by two means. First, we run a linear regression between carry-trade gains and a proxy of the default risk. We obtain the expected signs on the coefficients when splitting the estimations into different sub-periods corresponding to booms and crisis episodes. Then we run a nonlinear regression where the impact of the default risk on carry-trade gains changes according to market volatility. This allows us to confirm the two propositions above: (i) when market volatility is low, carry-trade gains are higher when invested in currencies issued by countries with high default risk; (ii) conversely, over a certain threshold, the more volatile the financial markets become, the deeper the losses on investment in high default risk countries.
As carry-trade gains are also correlated with interest-rate differentials, we had to verify that the former results are still valid when accounting for interest differentials. To do that, we use the so-called "Fama regression", linking the exchange-rate change to the interest differential.
First, we give a nonlinear estimation of this equation, which allows us to explain the evolution of its coefficient by the change in market volatility along the financial cycle. Second, we introduce the default risk proxy in this regression. The default risk is a significant variable with its sign switching across periods, as expected. Moreover, the coefficient on the interestrate differential gets closer to unity once the default risk is included in the regression, which
shows that the "forward bias" is somewhat mitigated by taking into account the default risk.
On the whole, our findings give support to the hypothesis that default risk contributes to the excess returns in the exchange market during boom periods. Nevertheless, we are aware that this factor only partially explains the forward bias, as a large part of the carry trades are invested in advanced country currencies, such as the Australian dollar or the New Zealand dollar, with practically no sovereign default risk. The present results only show that the default risk contributes to increase the forward bias in the case of high-yield emerging countries. r is the ex post excess return in the one-year carry trade invested at time t in currency i and it d is country i's sovereign CDS premium. t statistics are given in parentheses. For each country, the first line corresponds to the Japanese yen as the funding currency, while the second line reports the results corresponding to the use of the Swiss franc as the funding currency.
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